Context. CoRoT is a pioneering space mission whose primary goals are stellar seismology and extrasolar planets search. Its surveys of large stellar fields generate numerous planetary candidates whose lightcurves have transit-like features. An extensive analytical and observational follow-up effort is undertaken to classify these candidates. Methods. 7 470 chromatic and 3 938 monochromatic lightcurves were acquired and analysed. Instrumental noise and stellar variability were treated with several filtering tools by different teams from the CoRoT community. Different transit search algorithms were applied to the lightcurves. Results. Fifty-one stars were classified as planetary transit candidates in LRa01. Thirty-seven (i.e., 73 % of all candidates) are "good" planetary candidates based on photometric analysis only. Thirty-two (i.e., 87 % of the "good" candidates) have been followed-up. At the time of this writing twenty-two cases have been solved and five planets have been discovered: three transiting hot-Jupiters (CoRoT-5b, and CoRoT21b), the first terrestrial transiting planet (CoRoT-7b), and another planet in the same system (CoRoT-7c, detected by radial velocity survey only). Evidences of another non-transiting planet in the CoRoT-7 system, namely CoRoT-7d, have been recently found.
Introduction
This paper summarizes the planetary candidates found in the LRa01 exoplanet star field and some preliminary scientific results from the combination of CoRoT photometry with ground based follow-up observations. The CoRoT IRa01 and LRc01 runs have already been reported by Carpano et al. (2009) and Moutou et al. (2009), and Cabrera et al. (2009) , respectively.
The LRa01 run, from 24 October 2007 to 3 March 2008, was the second long pointing of CoRoT after the LRc01 field • 6 ′ 23 ′′ (J2000) in the Monoceros constellation, towards Galactic anti-center direction.
Fifty-one transit candidates have been identified in LRa01 (Tables 5 and 6 ). Four transiting planets have been discovered and confirmed: CoRoT-5b (Rauer et al. 2009 ), CoRoT-12b (Gillon et al. 2010) , and CoRoT-21b , three Jupiter-size planets with M p = 0.47, 0.92, and ≈ 2 M Jup , respectively; CoRoT-7b, the first terrestrial transiting planet (Léger et al. 2009; Queloz et al. 2009) . A non-transiting planet with a mass of about 8 M Earth in the CoRoT-7-system, namely CoRoT-7c, was also detected by radial velocity (RV) observations only ). The potential discovery of a third planet in the CoRoT-7-system, CoRoT-7d, was reported by Hatzes et al. (2010) . A list of photometrically identified binary systems is presented in the Table 7 . Identified variable stars of the first four CoRoT exoplanet star fields are reported in Debosscher et al. (2009) .
The present work reports on the characteristics of the LRa01 star-field (Section 2), the CoRoT photometry and nature of different instrumental systematic effects (Section 3), the transit detection (Sections 4), and the observing strategy of ground-based follow-ups (Section 5). The process of resolving the nature of CoRoT candidates is described in Moutou et al. (2009) . A description of all the detected transit candidates is presented in Section 6. Results are discussed in terms of detection efficiency compared to previous CoRoT runs (Section 7). At the end of the manuscript, a summary is also reported (Section 8). 
Field characterisation
During the CoRoT mission preparatory phase, a massive and deep Harris BV and Sloan r ′ i ′ photometric survey was performed in the CoRoT exoplanet fields using the Wide Field Camera (WFC) at the Isaac Newton Telescope (INT). The goals were i) to perform a first-order spectral classification of the stars in the fields, ii) to determine their position with sufficient accuracy for a precise placement of the CoRoT photometric masks, and iii) to assess the level of contamination from background/foreground objects within a few arc-seconds from the CoRoT target stars. The relevant information is collected in the Exo-Dat database 1 (Deleuil et al. 2006 Meunier et al. 2007) .
CoRoT was designed to fulfil two main objectives: conducting stellar seismology studies of interesting stars and searching for extrasolar planets. Astroseismology requires high signal-tonoise (S/N) ratio photometry and it is thus focused mainly on the study of relatively bright targets: typically ∼10 stars with V<9.5 mag are observed in each CoRoT seismo-field. On the other hand, the transiting exoplanet search requires a large number of targets because of the low probability to find planets whose orbits are oriented such that transits can be observed in front of their host stars (the probability is about 5 % for semi major axes of 0.1 AU). The selection of the observed CoRoT seismo-and exo-fields thus represent a compromise between these two requirements.
11 408 stars with visual magnitudes 11 V 17 mag were observed for the transit search in the LRa01 field (Figure 1 ). Dwarf stars are optimal targets for the photometric search of extrasolar planets (Michel et al. 2008; Gondoin et al. 2009; Hekker et al. 2009 ). Therefore, the percentage of Sun-like stars in a field is important to estimate the detection efficiency. Combining the Exo-Dat optical photometry ) with the near-infrared Two Micron All Sky Survey (2MASS) Point Source catalog 2 (Cutri et al. 2003 ) and using color- magnitude diagrams (Figure 2 ), the percentage of giant and dwarf stars in LRa01 is estimated. Although it is difficult to find a clear distinction between these two populations using broadband photometry (in particular for stars with V 15 mag), 75 % of the stars observed by CoRoT in LRa01 seem to be dwarf stars (Figure 2 ). The distribution of luminosity classes derived from Exo-Dat only shows a similar picture (Figure 3 ): less than 0.05 % of the stars in the LRa01 star field are supergiants, less than 0.2 % are bright giants, ∼24 % are giants, ∼13 % are sub-giants, and ∼62 % are dwarf stars. This is of advantage for the search of extrasolar planets compared to the LRc01 star field, where ∼58 % of the stars are giant stars ). However, this analysis is valid on a statistical point of view. Photometric criteria can indeed lead to misclassification of individual stars (see Klement et al. 2011 , and reference therein). The Exo-Dat spectral classification, based only on broad-band photometry, suffers some uncertainties, the main ones being the star reddening, the unknown chemical abundances, and the potential binarity which can result in a wrong identification of the spectral and luminosity classes of the stars. Based on multi-object, intermediate-resolution spectroscopy performed with FLAMES@VLT on a sub-set of stars ). The majority of the target stars (∼ 62 %) are main sequence dwarf stars (luminosity class V). Sub-giant (luminosity class IV), giant (luminosity class III), and bright giant stars (luminosity class II) make up ∼13, ∼24, <0.2 % of the total, respectively. Super-giant stars (luminosity class I; not reported in the histogram) make up <0.05 %.
in LRa01, Gazzano et al. (2009) found that the photometrically classified dwarf content is underestimated by about 15 %.
CoRoT photometry, data reduction, and systematic effect
CoRoT data are made public after a proprietary period of one year. The data from LRa01 were released to the CoIs on 29 October 2008 and to the public on 29 October 2009. CoRoT lightcurves are identified by either the CoRoT ID, a unique 10 digit number, or the so-called CoRoT "Win ID" (i.e., window ID). The "Win ID" contains the identifier E1 or E2, which identifies the CCD 1 or 2 of the exoplanet channel, respectively, followed by a 4-digit number. This number represents the assigned CoRoT mask. The "Win ID" is re-used for every run. To identify an individual lightcurve by the "Win ID", the data acquisition run is required. In addition, a three character abbreviation, MON or CHR, is given for the identification of chromatic or monochromatic lightcurves, respectively. For example, the lightcurve of the star CoRoT-7, observed during LRa01 and harbouring the first transiting terrestrial planet (Léger et al. 2009) , is labeled by the following identification: LRa01 E2 0165 -CHR -0102708694. A bi-prism was installed in the exoplanet channel to disperse the flux of the observed stars. Three-color photometry is obtained by splitting the point-spread function into three sub- areas based on the dispersion property of the bi-prism (blue light is stronger dispersed than red light) for the targets with visual magnitudes V 15.2 mag, i.e., about 65 % of the lightcurves in this run. Flux from these areas is defined as red, green, and blue. The CoRoT color channels, however, do not correspond to any standard photometric systems (Auvergne et al. 2009 ). The chromatic information is helpful to distinguish between achromatic planetary transits and chromatic eclipsing binaries. The chromatic information is also used to identify false alarms from diluted background binaries. After an accurate study of the light contamination inside the photometric mask, candidates with 3 sigma significant depth differences in the three CoRoT channels are usually flagged as potential contaminating eclipsing binaries. As an example, the CoRoT target LRa01 E2 2597 has a deep transit in the blue channel 3 which is not detected, neither in the green channel nor in the red channel, at a 12 σ and 25 σ significance, respectively (Figure 4) . If the signal were on target the respective transit depths in the red and green channel would have been clearly detected. As a consequence, this candidate is identified as a contaminating eclipsing binary (CEB). In other cases, i.e., LRa01 E1 2101 (Section 6.3.2) and LRa01 E2 3156 (Section 6.3.13), the signal is detected in only one channel but the expected signal strengths in the other channels is below the noise threshold. Therefore, we could not exclude such signals as arising from a contaminanting eclipsing binary. Indeed, groundbased photometric follow-up concluded that the transit signal of LRa01 E1 2101 and LRa01 E2 3156 are likely on target.
Several systematic effects need to be filtered out during the data reduction to achieve maximum accuracy. The main perturbating factors are eclipses (when the spacecraft enters the shadow of the Earth) which cause short-term temperature fluctuations on the spacecraft, the Earth's gravity and magnetic field, solar and terrestrial infrared emissivity, the Earth's albedo, and objects in low-Earth orbit. Known instrumental effects like spacecraft jitter are already removed in the processing. A detailed description of lightcurve perturbations and employed corrections is given in Auvergne et al. (2009), and Drummond et al. (2008) and Pinheiro da Silva et al. (2008) , respectively. Details about on board data-reduction can be found in Llebaria & Guterman (2006) . Irradiation excites single pixels, which are difficult to correct. These "hot-pixels" appear predominantly in orbit when crossing the South Atlantic Anomaly (SAA). A value in the header of each lightcurve informs the user how many "hotpixels" were identified in the lightcurve. Not all "hot-pixels" are identified during the data processing. Unfortunately, these events may mimic a transit-like signal. If only one pixel is affected, this can be identified by comparing the flux in the different color channels (if available).
Although the processing pipeline reduces significantly the noise and removes the systematics, some instrumental effects still remain. As an example, the three color-channel lightcurves of the star LRa01 E1 2698 (CoRoT ID 0102566329), are plotted in Figure 5 . Instrumental signatures significantly perturb the lightcurve. On 2454433 HJD (T jump,blue = 2888 days on Figure 5 ) a strong "hot-pixel" appeared in the blue channel. It perturbed the white lightcurve only weakly since the flux contribution from the blue channel was small. On 2454465 HJD (T jump,red = 2920 days on Figure 5 ) a small "hot-pixel" appeared in the red channel. The effect is seen in the white lightcurve with almost the same amplitude because the red channel contributes most to the overall flux. It should also be noted that the relaxation time for this "hot-pixel" is very short compared to the strong event in the blue channel. The flux after the incident settles on a slightly higher level than before. This example proves the usefulness of chromatic data to identify "hot-pixels".
There is a data gap of 3.68 days between HJD 2454484 and 2454488 (T data gap = 2939 − 2943 days on Figure 5 ). A proton impact led to a reset of the Data Processing Unit (DPU) 1, which is responsible for data collection on the E1 CCD, on 18 January 2008 at 22:45:57 UT during the SAA crossing. The recording resumed on 22 January 2008 at 14:37:41 UT. All lightcurves in LRa01 originating from CCD 1 contain this data gap.
In order to correct for the effects not removed by the CoRoT pipeline, each detection team inside the CoRoT exoplanet team uses a set of additional filters before applying the transit search algorithms. A description of the various methods applied by each detection team to analyse the CoRoT lightcurves is given in Alapini & Aigrain (2008) ; Bordé et al. (2007); Carpano & Fridlund (2008) ; Moutou et al. (2005 Moutou et al. ( , 2007 ; Régulo et al. (2007) ; Renner et al. (2008) ; Grziwa et al. (2011) .
Detection of CoRoT candidates
The transit candidate selection for each run is performed twice: by the "Alarm Mode", during the on-board observation, and by the CoRoT detection teams, after completion of the on-board observation and the full reduction of the CoRoT data.
The "Alarm Mode" checks for planetary transits every two weeks, when the CoRoT observations are still ongoing (Surace et al. 2008) . If the "Alarm Mode" detects a promising candidate with a planetary transit-like event, the sampling for this specific lightcurve is increased from 512 to 32 seconds. A preliminary candidate list is created and the candidate coordinates, along with estimated transit properties, are forwarded to the follow-up teams who perform the ground-based observation campaign (Section 5). A dedicated analysis and transit search is . From top to bottom: white (red + green + blue), red, green, and blue lightcurve versus observing time in HJD. The flux of each lightcurve is normalized to 1. The red channel contributes the most to the combined white lightcurve (79 % of the flux). 10 % of the combined white flux originates from the green channel, whereas the blue channel contributes 11 % of the total white flux. The dashed lines mark the position of two small "hot-pixels" in the blue and red channels that can also be found in the white lightcurve.
performed when the processed data are distributed to the different detection teams within the CoRoT Exoplanet Science Team (typically several months after the end of the CoRoT observation).
The detection teams benefit from the total temporal length of the lightcurves (about 130 days for LRa01) and the reduced noise after full processing, and are well equipped for finding shallow transits around highly variable and active stars. The detection teams try to sort out as many false positives as possible in order to avoid the waste of observation time and telescope resources on non-planetary objects (Section 5). See Cabrera et al. (2009) for a full description of the CoRoT detection pipeline, with the generation of an initial candidate list and subsequent vetting for the presence of false alarms arising from eclipsing binaries. In the end, a prioritised list of planet candidates and their parameters is composed, which is subject to further followup observations.
The list of the LRa01 candidates is given in Table 5 , along with coordinates, transit period, epoch, duration and depth. Each candidate is described in detail in Section 6.
Ground-based follow-up observations of the CoRoT candidates
The detection of planetary transit candidates in the CoRoT lightcurves is only the start on a long, and time consuming road to the successful confirmation of the planetary nature. The CoRoT follow-up is done with ground based facilities, following the strategy outlined in Alonso et al. (2004) . Groundbased follow-up observations are motivated by the need to exclude false positives from the list of candidates and to obtain a full characterisations of the detected planets. Practically all false positives in transit searches are due to some configuration involving eclipsing binary systems, with the large majority of false positives caused by either grazing or diluted eclipsing binaries (Section 5.2). Their nature was first described by Brown (2003) , with a development for CoRoT candidates given by Almenara et al. (2009) . Photometric observations are needed to confirm that the transit is occurring 'on target' (Section 5.1). If confirmed, complementary RV observations are performed to definitely assess the planetary nature of the transiting body and eventually reveal the true mass of the planet. High S/N ratio spectroscopy at highresolution are also conducted to derive the photospheric fundamental parameters of the planet host star and determine its mass and radius (Section 5.2).
The CoRoT follow-up program is challenging both in terms of telescope capabilities and observation time. The CoRoT follow-up community uses time allocated at different observatories as described in Sections 5.1 and 5.2. Many RV observations in 2008 and 2009 were dedicated to CoRoT-7 in order to confirm the existence and nature of the companions and to constrain their parameters (Léger et al. 2009; Queloz et al. 2009; Hatzes et al. 2010 Hatzes et al. , 2011 Table 6 lists the results of the followup in a concise form. Details can be found in the description of the individual candidates in Section 6.
Photometry
The first step in the follow-up sequence is the ground-based photometric observation of the transit. It needs to be verified that the detected transit signals occur on the main target inside the CoRoT photometric mask (typically 20 ′′ large). The star is observed during a transit, and again between two transits. The stellar brightness, as well as that of any other nearby star is monitored. Contaminating eclipsing binaries (CEBs) are sorted out by this procedure. The method is described in more detail in Deeg et al. (2009) . Required for these observations is the correct and precise prediction of the epoch of the transit occurrence. Timing errors of more than a few hours make the follow-up of transit events unfeasible. The ephemeris errors of faint or shallow candidates (listed in Table 5) imply that their follow-up has to be performed within 1-2 years after CoRoT on-board observation.
As part of the photometric follow-up program of CoRoT, the BEST telescope at OHP performed a survey of variable stars in the LRa01 field prior to the satellite launch (Kabath et al. 2008) . The eclipsing binaries LRa01 E1 1574 and LRa01 E1 0622 (Table 7) are among the targets previously found in the aforementioned paper.
Spectroscopy
The conclusion on the nature of some transiting objects is drawn from complementary time-series RV measurements as well as high-resolution, high S/N ratio spectroscopy.
RV measurements are required to reject possible falsepositives and confirm the planetary nature of the transiting object. Binary system, eventually identified by RV measurements, are classified into the following categories: i) binaries with only one stellar component spectroscopically visible (SB1); ii) binaries with two or more stellar components spectroscopically visible (SB2, SB3, etc.); iii) blended eclipsing binary, i.e., spatially unresolved eclipsing binary whose light is diluted by the main CoRoT target (blend).
Transits provide the direct measurement of the planet-tostellar radius ratio (R P /R * ), whereas RV measurements yield the mass function of the star/planet system. Stellar radii and masses are thus needed to determine radii and masses of the transiting candidates. A first-oderder estimate of the size of the transiting objects is derived from the spectral types of the host-stars, as listed in the Exo-Dat data-base. However, as already described in Section 2, the photometrically spectral classification reported in Exo-Dat suffers some uncertainties. High-resolution, high S/N ratio spectroscopy is thus necessary to derive stellar mass and radius and, eventually, determine the mass, radius, and bulk density of the confirmed planets.
The spectroscopic follow-up observations of LRa01 started with a first spectroscopic "snap-shot" of some of the CoRoT candidates. Low-resolution (R ≈ 1 300) reconnaissance spectroscopy was performed with the AAOmega multi-fiber spectrograph mounted at the 3.9 m telescope of the Australian Astronomical Observatory (AAO) during two observing runs, in January 2008 and from December 2008 to January 2009. Further multi-object spectroscopic observations were performed with the FLAMES-GIRAFFE facility (R ≈ 26 000) at the ESO Very Large Telescope (Paranal Observatory, Chile) in winter 2005 (Loeillet et al. 2008; Gazzano et al. 2009 ).
The AAOmega and FLAMES-GIRAFFE observations classified the stars and derived a fist estimate of their photospheric parameters as described in Gandolfi et al. (2008) and Gazzano et al. (2009) . If the host star turned out to be a giant star, although it was listed as a main sequence star in the Exo-Dat database, the size of the transiting object was re-evaluated based on the new stellar parameters. Planned ground-based photometry and RV follow-up observations were cancelled if the size of the transiting body was inconsistent with a planetary object. This spectroscopic screening singled out also B-type stars and rapidly rotating targets for which high-precision RV measurements are not feasible.
The nature of the transiting objects is further investigated through reconnaissance high-resolution spectroscopy. This is performed using the CORALIE spectrograph at the 1.2 m Euler telescope in La Silla observatory, the Sandiford cassegrain echelle spectrograph on the 2.1 m telescope at McDonald Observatory, and the coudé echelle spectrograph of the 2 m telescope of the Thüringer Landessternwarte (TLS). If this stage is successfully passed, the planetary candidate is handed down to SOPHIE at the 1.93 m telescope at the Observatoire de HauteProvence (OHP). In its high efficiency mode (R ≈ 40 000), SOPHIE is able to reach RV precision of a few dozen m s −1 on a solar-like star, down to V ≈ 14.5 mag. This accuracy is fully sufficient for detecting Jupiter-like, and even Saturn-like planets, in a close-in orbit around a solar-like star. We recently took also advantage of the fiber-fed FIES spectrograph attached at the 2.56 m Nordic Optical Telescope (NOT). The recent refurbishments carried out at this instrument had improved the capability of FIES for very high-precision RV measurements down to ∼ 10 m s −1 , making this spectrograph a precious resource to use for CoRoT RV follow-up.
The final "step" of the RV follow-up uses high-precision RV measurements with HARPS at ESO's 3.6 m telescope. The RV follow-up of the faintest candidates in LRa01 (15 V 16 mag) has been strengthened using the HIRES echelle spectrograph on the 10 m Keck I telescope.
The photospheric parameters of the candidates, i.e., effective temperature (T eff ), gravity (log g), metallicity ([M/H]), and projected rotational velocity (v sin i), are usually derived by analysing also the acquired high-resolution spectra, as already described in other CoRoT exoplanet papers (e.g., Deleuil et al. 2008; Léger et al. 2009; Bruntt et al. 2010; Gandolfi et al. 2010) . Stellar masses and radii are then inferred by comparing the location of the objects on a T eff vs. log g diagram with theoretical evolutionary tracks. Only an estimate of the spectral type can be derived for candidates with low S/N ratio spectra (<10-15), as described in some cases in Section 6.
For the confirmed planetary candidates high S/N ratio spectra are usually acquired with HARPS, HIRES, and UVES (ESO, Paranal Observatory) spectrographs.
CoRoT planetary candidates
Here we present the CoRoT transit candidates along with a brief overview over the properties of the star and the detected transit signal. Any follow-up observations that have been performed are also described. The candidates are presented in the following order: confirmed planets, identified non-planetary objects, unsettled good planetary candidates, unsettled low priority planetary candidates (suspected binaries), false alarms, and the so-called "X-case" candidates (see below).
A planet is considered confirmed when RV-measurements definitely assess the planetary nature of the transiting object and allow to determine its mass (Section 6.1). Candidates listed as "settled cases -non planetary objects" (Section 6.2) are objects whose non planetary nature were identified by either photometric or spectroscopic follow-up observations. These include blends, contaminating eclipsing binaries (CEB), and binary systems.
Most of the observing time reserved for LRa01 was invested on CoRoT-7. Therefore many candidates were being followedup in the 2009/2010 and some even in the 2010/2011 observing seasons. Still, follow-up observations could not be concluded for all candidates. These are listed as unresolved cases and are subdivided into "unsettled good planetary candidates" (Section 6.3) and "unsettled low priority planetary candidates" (Section 6.4), based on the analysis of the CoRoT lightcurves only. The latter were usually not followed-up due to one or more bad characteristics hinting at stellar binary scenario (e.g., out of transit variations, depth differences between even and odd transits or different color channels, very shallow secondary eclipse).
For the sake of completeness "false alarm" objects are also included (Section 6.5). These are shallow transit candidates that were identified by one detection team in lightcurves heavily affected by instrumental effects. They are considered as probable false alarms because they could not be reproduced by other detection teams using different filtering techniques. The "X-case" candidates (Section 6.6) are objects that might be planetary candidates if the spectral type of the target star were considerable different than the one listed in Exo-Dat. They have a very low priority in the follow-up program and were not observed so far. Finally, in some cases only a single transit event is present in the CoRoT lightcurve. Those are listed as "mono-transits" (Section 6.7). The depth of the signals indicates that these are eclipsing stellar binaries (Table 7) .
A concise list of the transit parameters and the follow-up status of the candidates can be found in Tables 5 and 6 , respectively. The RV-measurements performed on the CoRoT LRa01 candidates are listed in Table 4 . For the RV data of the confirmed exoplanets in LRa01, we refer the reader to the respective articles reporting on their discovery.
Confirmed planets
Four candidates detected during the CoRoT LRa01 run were confirmed as bona fide transiting planets (see Table 2 for Bruntt et al. (2010) CoRoT-7c * the full parameters). Three Jupiter-sized planets, CoRoT5b (Rauer et al. 2009 ), CoRoT-12b (Gillon et al. 2010) , and CoRoT-21b , and the first transiting terrestrial planet CoRoT-7b (Léger et al. 2009; Queloz et al. 2009 ). For the very first time, the bulk density of a small extrasolar planet was derived consistent with the bulk densities of terrestrial planets (see Table 2 ). An accurate reanalysis of the acquired HARPS and UVES spectra was recently published by Bruntt et al. (2010) , leading to an improvement of stellar parameters of There are now a number of independent determinations of the mass of CoRoT-7b. See Table 2 and Hatzes et al. (2011) for a detailed discussion. We note that CoRoT-7b is almost identical to the recently discovered transiting Super-Earth Kepler10b. Kepler-10b has a period of about P = 0.84 days, mass M P = 4.56
−0.036 R Earth , and mean density ρ = 8.8 Batalha et al. 2011 ). CoRoT-7b is the only transiting planet in the CoRoT-7b system. Two other planets are inferred from RV measurements only: Queloz et al. (2009) discovered CoRoT-7c; Hatzes et al. (2010) found evidences of the presence of a third planet, CoRoT-7d (see also Table 2 ), but further RV measurements are required to definitely assess its planetary nature. The detection of these two additional planets is disputed by Pont et al. (2011) .
CoRoT-21b, also known as candidate LRa01 E2 5277 (CoRoT ID 0102725122), has been recently confirmed as a transiting hot-Jupiter planet. The lightcurve of its faint host star (V = 16.1 mag) contains a 0.45 % deep transit signal with a period of 2.73 days ( Figure 6 ). Photometric follow-up observations performed with IAC80 confirm the transit event on target. RV measurements conducted with HARPS, and recently with HIRES, show significant variations in phase with the CoRoT ephemeris and consistent with a ∼2 M Jup planet around a F8 IV star (T eff ≈6100 K, log g≈3.5 dex). Since the parameters of CoRoT-21b are still under investigation, the planet is not listed in Table 2 but in Tables 5 and 6 . It will be presented in a forthcoming paper , along with the HARPS and HIRES RV measurements.
Settled cases: non planetary objects
The following objects are identified as non-planetary objects based on ground-based follow-up observations.
LRa01 E1 0544 -CHR -0102714746
LRa01 E1 0544 is a relatively bright star (V = 13.39 mag) with a 0.15 % deep eclipse occurring every 2.75 days. AAOmega observations classify the target as a F7 dwarf star, in good agreement with the classification listed in Exo-Dat (F8 IV). SOPHIE spectroscopic observations indicate a fast rotator with no significant RV variations down to a precision of 50 m s −1 . EulerCam measurements show no transit events on target. Instead a ∼4 magnitude fainter star located 9 ′′ West of the main target has deep eclipses (D≈20 %). IAC80 observations confirm this result. This object is a contaminating eclipsing binary (CEB).
LRa01 E1 0561 -CHR -0102597681
This is a relatively bright candidate (V = 12.00 mag) listed as a SpT=A0 V star in Exo-Dat. The CoRoT lightcurve shows a 0.70 % deep transit occurring every 20.82 days superimposed on a γ-Doradus like pulsations. Low-resolution AAOmega spectroscopy classifies this object as a A7 IV/V star. Two moderate S/N≈ 35 ratio SOPHIE spectra reveal a low-contrast single peak cross-correlation function (CCF) with a RV variation of about 52 km s −1 , in anti-phase with the CoRoT ephemeris, i.e., the eclipses occur on the rising part of the RV curve and are caused by the star whose CCF peak is detected in the SOPHIE spectra. A single epoch UVES spectrum with higher S/N ratio (∼ 120) unveils the presence of other two components in the system, making the candidates a spectroscopically resolved SB3 system with pulsating components.
LRa01 E1 2890 -MON -0102618931
According to Exo-Dat, this candidate has an apparent Vmagnitude of 15.73 and its spectral type is G5 III. IAC80 onoff photometry shows that a contaminating eclipsing binary is the origin of the transit signal in this lightcurve (D = 0.29 %, P = 2.43 days). It is ∼ 3.2 mag fainter than the target and positioned ∼ 12 ′′ South-East from LRa01 E1 2890.
LRa01 E1 3666 -MON -0102790970
This is a faint (V = 15.47 mag) F5 V star (Exo-Dat) with an apparent transit signal of 0.45 % depth and a period of 1.55 days. CFHT and IAC80 observations identify a nearby background star ∼ 8 ′′ West of the target with a variation of 1.5 % as the source of the signal. The candidate is a contaminating eclipsing binary (CEB). The HARPS RV measurements of LRa01 E1 5015 (points) phased to the CoRoT transit period (P = 13.69 days) and epoch. The best fitting sine curve is over-plotted with a line. Note that the systemic velocity has been subtracted.
LRa01 E1 5015 -MON -0102777869
This is a candidate around a relatively faint (V = 16.17 mag) G2 V star (Exo-Dat) with a 1 % deep transit signal and a period of 13.69 days. The long transit duration of about 10 hours implies an eclipsing binary. ESA-OGS observations show that the transit is on target. Figure 7 reports the HARPS RV measurements of LRa01 E1 5015 phase folded to the CoRoT transit period and epoch, along with a sine fit. The semi-amplitude is K = 16.5 km s −1 which corresponds to a mass function 4 f (m) = 0.00637 M ⊙ . Assuming a mass of 1 M ⊙ for the main component, the companion mass is ≈ 0.18 M ⊙ . This is a SB1 system with a low-mass companion star.
LRa01 E1 4353 -MON -0102692038
This candidate in the lightcurve of a V = 15.78 mag star of spectral type A5 V (Exo-Dat) has 1.09 % deep eclipse with a period of 5.23 days. EulerCam on-off photometry shows a constant flux in the target but a 5 % deep eclipse in a contaminant star (CoRoT ID: 0102691690, V = 16.7 mag). IAC80 confirms the EulerCam observations. This is a contaminating eclipsing binary (CEB).
LRa01 E2 1123 -MON -0102615551
A 1.80 % deep signal with a period of 3.88 days is detected in the CoRoT lightcurve of this candidate. IAC80 and Wise photometry confirms the transit signal is on target. UVES and HARPS observations of this V = 14.62 mag object identify the target as a K5 dwarf star instead. Two CORALIE and six HARPS RV measurements show no significant sinusoidal variations with an amplitude greater than ∼50 m s −1 . An examination of the Ca ii H & K region from spectra taken with UVES shows three emission components. The RVs of two 4 We remind the reader that the mass function expressed in solar units
where M 1 and M 2 are the masses in solar units of the primary and secondary component, i and e the orbit inclination and eccentricity, K 1 the RV semi-amplitude of the primary star in km s −1 , and P the orbital period expressed in days.
components vary in phase with twice the transit period and with a maximum velocity difference of about 67 km s −1 . This is a blend scenario: a probable hierarchical triple system consisting of a K5 primary active dwarf orbited by two eclipsing active Mtype stars that are too faint to be seen in the metallic lines used for the RV measurements.
LRa01 E2 1145 -CHR -0102707895
A transit with the following parameters is detected in the CoRoT lightcurve: D = 0.43 % and P = 5.78 days. The V = 13.96 mag target is already known from the CoRoT IRa01 run (IRa01 E1 1873; Carpano et al. 2009 ) and is classified as a A9 IV/V star on the basis of AAOmega observations. SOPHIE measurements spectroscopically resolve the target as a SB1 system with a RV curve in anti-phase with the CoRoT ephemeris. Assuming a circular orbit, the RV curve semi-amplitude of the eclipsing star is K=23.5 km s −1 .
LRa01 E2 1897 -MON -0102658070
This V = 14.72 mag candidate, classified as a F2 II star according to Exo-Dat, shows a deep transit-like signal (D = 2.80 %) with a period of 4.67 days. Hints of a secondary eclipse are detected in the CoRoT lightcurve at phase=0.5. CFHT photometric observations show that the signal originates from an eclipsing binary located ∼ 3 ′′ Northeast from the CoRoT main target. The contaminant exhibits flux variation of about 7.8 % occurring at the predicted CoRoT ephemeris. This is consistent with the transit signal when the dilutions by the main target and by a second brighter star located 24.4 ′′ Southwest, are considered. This candidate is a contaminating eclipsing binary (CEB).
LRa01 E2 2249 -CHR -0102755837
This candidate has a 0.38 % deep transit occurring every 27.93 days. Low-resolution spectra obtained with AA0mega classify the star (V = 13.88 mag) as K0 III/IV, in good agreement with the Exo-Dat spectral type (K0 III). SOPHIE RV measurements show the candidate to be a SB1 system (K=12 km s −1 ). Figure 8 shows the RV measurements with a sine fit using the CoRoT transit period and epoch. The mass function for the system is f (m) = 0.0052 M ⊙ . Assuming a primary mass of 1 M ⊙ this results in a secondary mass of 0.17 M ⊙ .
LRa01 E2 2481 -CHR -0102723949
The CoRoT lightcurve of this candidate (V = 13.96 mag, SpT=F5 III; Exo-Dat) contains transits with a depth of 1.20 % and a period of 51.76 days. It is also found in the IRa01 run (IRa01 E1 2046) and listed as a mono-transit candidate in the IRa01 report papers (Carpano et al. 2009; Moutou et al. 2009 ). The spectral classification based on low-resolution spectroscopy performed with AAOmega hints at a stellar binary. According to the method described in Gandolfi et al. (2008) , the spectral type of this object "changes" from G0 V to G8 V as a function of the fitted spectral region, suggesting the presence of two stellar objects whose lines are blended in the low-resolution AAOmega spectrum. A single epoch SOPHIE spectrum shows a SB2 system ), confirming the AAOmega binary scenario. (Cox 2000) . Taking into account the contamination level for this star (∼ 14% according to Exo-Dat), the observed transit, if on target, is therefore caused by a stellar object with a radius of about 0.6 R ⊙ .
LRa01 E2 4129 -MON -0102590008
The V = 15.71 mag G0 IV target star (Exo-Dat) has two faint nearby contaminants located about 4.5 ′′ to the North-Northeast. Wise observations are inconclusive. EulerCam photometric observations show no signs of transits on the main target. Instead a 7 % drop in brightness is found in one of the two contaminant stars which accounts for the transit events observed on LRa01 E2 4129 (0.18 % deep eclipses every 1.94 days). Therefore, this case is classified as a contaminating eclipsing binary (CEB).
LRa01 E2 5084 -MON -0102667981
This V = 15.95 mag transit candidate is classified as a A5 subgiant star according to Exo-Dat. The transit is 0.28 % deep with a 9.92 days period. Based on HARPS observations, the candidate is a SB1 system. Assuming a circular orbit, the HARPS measurements yield a K = 37.2 km s −1 RV curve in anti-phase with the CoRoT ephemeris.
LRa01 E2 5184 -CHR -0102779966
This V=15.41 mag candidate (D = 0.41 %, P = 7.37 days), classified as K2 V star in Exo-Dat, is already known from the IRa01 field as IRa01 E1 4108 Carpano et al. (2009); Moutou et al. (2009) . CFHT ground-based photometry confirms the transit to be on target. HARPS spectra yield T eff = 5000 ± 100 K, log g = 4.4 ± 0.1 dex, [M/H] = 0.07 ± 0.06 dex, v sin i = 1.5 ± 0.5 km s −1 , Fig. 9 . CCF bisector spans versus RV measurements as derived from the HARPS spectra of LRa01 E2 5184.
and SpT = K0 V. HARPS data also indicate a strong bisector-RV correlation consistent with a blended eclipsing binary (i.e., diluted triple system or background/foreground eclipsing binary), as shown in Figure 9 .
LRa01 E2 5747 -MON -0102753331
This candidate (V = 16.16 mag) is already known from the IRa01 field as IRa01 E1 4617 (Carpano et al. 2009; Moutou et al. 2009 ). The transit is 3.64 % deep, appears every 19.75 days, and has a duration of 14.13 hours suggesting a stellar companion. No CCF is detected with HARPS. The spectrum shows only broad Balmer and Mg i-b lines, indicative of a rapidly rotating A-type star, in agreement with the Exo-Dat spectral classification (A5 IV). Even assuming a late A-type dwarf star, the stellar radius would be too large (R * > 1.5 R ⊙ ; Cox 2000) to make the observed 3.64 % deep transit of planetary origin. Therefore the transiting object, if on target, is a stellar companion.
LRa01 E2 3739 -MON -0102755764
The CoRoT lightcurve of this candidate (V = 15.55 mag) shows a V-shaped, 2.93 % deep transit signal with a duration of 6.97 hours and a period of 61.48 days, superimposed on a lowamplitude pulsation (Debosscher et al. 2009 ). Shape, duration, and depth suggest grazing eclipses of an evolved star by a stellar companion. A single transit event was already observed in the IRa01 field (IRa01 E1 4014), whereas two transits are found in the LRa01 lightcurve. EulerCam observations confirm the transit to be on target but 0.14 days after the predicted ephemeris. Taking into account the transit timing error of about 0.07 days at the time of the EulerCam follow-up (25 January 2009), the observed transit occurred only 2σ after the predicted event. Nearby stars were either stable during the observation or their variation was too small to account for the transit signal detected in the CoRoT lightcurve. Therefore the transit is concluded to be on target. HARPS observations show no CCF for this target. Only broad Balmer lines are visible in the HARPS spectrum. This is consistent with the star being a rapidly rotating A-type star, in agreement with the Exo-Dat A5 IV spectral type. As described in Section 6.2.16, an eclipsing stellar companion star is suspected Normalized and phase-folded white lightcurve of the transit candidate LRa01 E1 0286 at the period P = 3.60 days after filtering with ExoTrans (Grziwa et al. 2011) . Additional filtering was necessary to make the transit visible in this example.
to orbit around this candidate and follow-up observations are completed.
LRa01 E2 5756 -MON -0102582529
A 2.72 % deep transit with a period of 15.84 days is found in the CoRoT lightcurve of this V = 16.24 mag candidate, whose spectral type is F0 V according to Exo-Dat. The transit signal is rather deep and the ingress/egress steeper than expected for a planetary candidate. But it is not ruled out as a binary on the photometric level, because the transit can also be produced by a planet with a higher impact parameter. IAC80 photometry establises that the transit event is ontarget. Spectral observations with HARPS reveals no CCF. The spectrum is consistent with LRa01 E2 5756 being a rapidly rotating A-type star. No further follow-up observations are foreseen since the transiting object is suspected to be a stellar companion.
6.3. Unsettled good planetary candidates 6.3.1. LRa01 E1 0286 -CHR -0102742060
A shallow eclipse (0.03 %) in the lightcurve of this relatively bright star V = 13.30 mag was discovered at a period of 3.60 days (Figure 10) .
Initially, this candidate was regarded as a possible 1.9 R Earthsized planet around a main sequence solar-like star. However, reconnaissance spectroscopy performed with SANDIFORD in RV observations carried-out over two years with SOPHIE, HIRES, HARPS, FIES, and SANDIFORD revealed a long-term RV trend indicative of an SB1 not in phase with the CoRoT transit ephemeris. The orbital fit to the data is shown in Fig. 11 . The orbit seems nearly circular (e ≈ 0.01) with a period of P = 337.52 ± 0.20 days and has a RV semi-amplitude K = 6.22±0.18 km s −1 . The derived mass function f (m) ≈ 0.0084 M ⊙ implies a companion mass of approximately 0.22 M ⊙ assuming 1.1 M ⊙ for the primary star's mass.
The residuals to the binary orbit fit have a rms scatter of about 7.5 m s −1 when using only the higher quality HARPS and HIRES data. Fig. 12 shows the residual RV measurements phased to the CoRoT transit period. There is no convincing sinusoidal variations. The RV semi-amplitude of a possible planetary companion orbiting the target star would have to be less than about 5 m s −1 . Recent time-series photometric observations performed with MegaCam@CFHT3.6m and EulerCam@Euler1.2m suggest that a faint, nearby star (R ≈ 18 mag, 5
′′ South from the target) might experience eclipses of ∼ 5 % that would account for the detected 0.03 % transit-like signal on LRa01 E1 0286. However, the photometric follow-up is still not conclusive and further investigation are needed to assess the real nature of the candidate. In conclusion, the target star is part of a long period binary and the transit signal remains unresolved. The LRa01 E1 0286 candidate might be either a planet in a stellar binary system or a contaminating eclipsing binary.
LRa01 E1 2101 -CHR -0102568803
According to Exo-Dat, this V = 14.15 mag target is of spectral type K1 III. The CoRoT lightcurve shows a 2 % sun-spotinduced variability with a period of ∼11 days. LRa01 E1 2101 appears to be orbited by a transiting object (D = 0.08 %, P = 2.72 days). The signal is only significant in the red CoRoT photometric channel. As already described in Section 3, due to the star's PSF on the CCD and the choice of the photometric mask, the expected depth of the transit in the green and blue CoRoT photometric channels is smaller than the scatter of the data-points, preventing any comparison of the transit depth in the different channels. Therefore, it cannot be concluded from CoRoT data alone that the candidate is a contaminating eclipsing binary. The fist HARPS spectrum reveals a narrow single peak CCF (FWHM=8 km s −1 ) and a K6 V star with T eff ≈4250 K and log g≈4.5 dex (M * ≈0.7 M ⊙ , R * ≈0.7 R ⊙ ). The shallow transit depth thus implies a companion radius of about 2 R ⊕ . But the transit is V-shaped suggesting a grazing transit/eclipse. Combined measurements with CFHT and MONETNorth exclude background eclipsing binaries. The transit is considered to be on target. Six RV measurements acquired with HARPS show no significant sinusoidal variation down to a precision of 18 m s −1 . Follow-up is ongoing.
LRa01 E1 2240 -CHR -0102698887
The transit signal occurs every 2.03 days in the lightcurve of this V = 15.22 mag target, classified as a F8 sub-giant according to Exo-Dat. The shallow (0.09 % deep) signal is a little asymmetric when phase-folded. However, due to the low S/N ratio, the transit shape cannot be used to rule out a no-planet scenario. If the candidate is a planet, the transit depth suggests a Neptunelike planetary radius. No follow-up observations have been made yet.
LRa01 E1 3216 -MON -0102754163
This is a faint V = 15.7 mag A5 IV candidate (Exo-Dat) with a periodic 3.11 days transit signal of depth 0.13 %. It shows shallow out of transit variations. No ground-based follow-ups have been performed yet.
LRa01 E1 3221 -MON -0102634864
This is a rather long-period candidate with P = 32.33 days. 
LRa01 E1 4594 -MON -0102617334
This transiting candidate (D = 0.27 %) was not spectroscopically observed due to the faintness of the target star (V = 16.66 mag, SpT =O8 III from Exo-Dat). IAC80 photometry excludes background eclipsing binaries. The transit duration of 6.6 hours for a transit period of P = 5.49 days is consistent with an evolved host star.
LRa01 E1 4667 -MON -0102588881
A 1.52 % deep transit signal with a period of 27.29 days is found in the lightcurve of this V = 16.08 mag star of spectral type A5 IV (Exo-Dat). Wise photometric observations are inconclusive due to bad weather. IAC80 observations exclude contaminating eclipsing binaries. Two RV measurements acquired with HARPS at photometric phases 0.43 and 0.76 shows a radial velocity variation of 84 m s −1 which is comparable to the errors (i.e., ∼70 m s −1 ). The HARPS spectra unveils a G0 V star, in disagreement with Exo-Dat. Assuming M * =1 M ⊙ for the host-star, a Jupiter-mass planet in a 27.29 days orbit around LRa01 E1 4667 would produce a peak-to-peak RV variation of ≈ 120 m s −1 which is almost twice the HARPS errors. Although the RVs exclude a stellar/brown dwarf companion to LRa01 E1 4667, considerably more HARPS measurements are required to assess the real nature of the transiting object. Followup is ongoing.
LRa01 E1 4719 -MON -0102703155
A 1.26 days period transit signal of depth 0.10 % is found in the CoRoT light curve of this V = 15.88 mag candidate (SpT=F8 IV, Exo-Dat). The transit is V-shaped and asymmetric when phasefolded. However, the S/N ratio of the detected events is low. The shape may be distorted by either stellar activity or photometric noise. EulerCam could not observe the transit on target. This is expected given the shallow transit depth. Although the transit timing error at the time of the EulerCam observations (28 October 2010) was ±2 hours and there is a risk that the transit might have been missed, it is concluded from photometric on-off observations that large variations by contaminants are probably not the cause for the transit event. No RV-measurements, however, have been acquired.
LRa01 E1 4820 -MON -0102751316
This is a transiting candidate with a depth of 0.46 % and a period of 1.61 days. Photometric follow-up with the ESA-OGS facility confirms that the transit is on target. Analysis of the lightcurve indicates possible depth differences between odd and even transits and out-of-transit variation. The A5 IV star (Exo-Dat) is too faint (V = 16.15 mag) for RV confirmation.
LRa01 E1 5320 -MON -0102666452
This is another transiting candidate around a faint star (V = 16.13 mag, SpT=G2 V; Exo-Dat). The 0.14 % deep signal can only be identified when phase-folded with a 1.97 days period. The 3.3 hours transit duration appears to be a little long for a planetary object. No ground-based observations have been made.
LRa01 E1 5536 -MON -0102670085
The CoRoT lightcurve of this V = 16.21 mag star of spectral type F8 IV (Exo-Dat), shows a 0.27 % deep transit signal occurring every 0.90 days. CFHT photometric observations find a 0.40 ± 0.25 % deep transit on target, compatible with the CoRoT signal. However some background stars, spatially located around the target, cannot be excluded as possible contaminants and the observations are considered inconclusive. No spectroscopic data have been acquired.
LRa01 E2 3156 -CHR -0102716818
The target (V = 15.76 mag) is a K2 III star according to Exo-Dat. The 0.15 % deep transit signal appears every 1.47 days and is detected only in the red CoRoT channel. As for LRa01 E1 2101 candidate (Section 6.3.2), also in this case the photo-noise in the green and blue channels is larger than the expected depth. The transit is V-shaped, and the duration of 2 hours is quite long for a planet. Observations with IAC80 exclude contamination by neighbouring objects. The transit is likely on target with a 20-30 % chance of a missed transit due to timing error. Two and seven RV measurements with HARPS and HIRES, respectively, show no significant variations down to a precision of 10 m s −1 . The candidate is still under investigation.
LRa01 E2 3619 -MON -0102765275
V-shaped transit signals of 6 % depth with a period of 50.91 days are found in the lightcurve of this star (V = 15.56 mag). The spectral type is G8 V, according to Exo-Dat. Low-resolution spectroscopy performed with AAOmega indicates that the target is a G0 IV/V star. However the CoRoT photometric data show multi-periodic variations that seem more consistent with a giant. Therefore, the true spectral type is unclear. This candidate is also found in the IRa01 field (as IRa01 E1 2060; Carpano et al. 2009 ).
LRa01 E2 4519 -MON -0102580137
A 0.14 % deep candidate with a period of 2.37 days is detected in the lightcurve of this A5 IV star (Exo-Dat) candidate with magnitude V = 15.75 mag. EulerCam and IAC80 find no relevant photometric variations in any of the nearby stars. However, the transit may have been missed due to large (1.5 hours) timing errors. Still, the transit is considered to be likely on target. No RV measurements have been acquired for this star.
Unsettled low priority planetary candidates
Many likely binary candidates are discovered at the photometric level and have a low priority in the follow-up observation chain. Consequently, many of these were not observed by the follow-up team, especially when the target star is faint.
LRa01 E1 2970 -CHR -0102625386
The V = 14.49 mag candidate shows a V-shaped, 0.62 % deep transit signal occurring every 34.10 days. The transit is only seen in the CoRoT red channel. No event is detected in the blue and green channels at 4 and 5 σ significance, respectively. This is a characteristic sign of a contaminant eclipsing binary. Hints of secondary eclipse are also detected in the red lightcurve. ExoDat lists the spectral type as A5 IV. No follow-up observations have been performed for this star as the candidate is suspected to be a contaminating eclipsing binary (CEB).
LRa01 E1 3617 -MON -0102617210
According to Exo-Dat this is a A0 V star (V = 15.62 mag). The 0.64 % deep signal has a period of 2.73 days. Several coherent frequencies are found which hint to stellar variability induced by a massive companion. Hints of a secondary shallow eclipse have been recently found in the CoRoT lightcurve. No followup observations were carried out as a binary system is suspected for this candidate.
LRa01 E1 3674 -CHR -0102732757
A V-shaped transit signal is found in the lightcurve of this A0 V star (V = 15.32 mag, Exo-Dat). The transit duration of 3.38 hours is quite long for a 1.97 days transit period. The 0.20 % deep signal can only be seen in the red CoRoT channel. It is not detected, neither in the green nor in the blue channel, with a ∼3 σ significance. No follow-up observations have been performed on this candidate as a CEB scenario is suspected.
LRa01 E1 4272 -MON -0102626872
The detected transit of this object is 2.44 % deep with a 1.88 days period. In Exo-Dat the star is listed as A0 V with a brightness of V = 15.87 mag. Photometry with ESA-OGS shows the transit to be on target. Due to out-of-transit variations in the lightcurve a stellar binary is suspected.
LRa01 E1 4777 -CHR -0102620061
A V-shaped transit signal with a period of 3.35 days and a depth of 1.96 % is detected in the lightcurve of this V = 15.26 mag candidate (A5 IV, Exo-Dat). The duration (3.90 hours) is rather long for a V-shaped transit and the depths observed in the three CoRoT colors differ by more than 1 σ. IAC80 observations performed in February 2011 shows no variations neither on target nor on any of the nearby stars. An underestimate of the transit timing error, listed at about 30 minutes at the time of the IAC80 observations, might account for the no ground-based transit detection. No RV follow-up observations have been carried out for this candidate.
LRa01 E1 4836 -MON -0102630623
Analysis of this V-shaped transit candidate (D = 4.70 %, P = 36.78 days) shows significant depth difference between even and odd transits (12σ). It is therefore a low priority candidate for which no follow-up observations have been carried out. Exo-Dat lists the spectral type of this V = 15.85 mag star as A5 V.
LRa01 E1 5450 -MON -0102595916
The 0.22 % deep transit signal in the lightcurve of a G0 IV star of brightness V = 16.38 mag (Exo-Dat) appears to have an asymmetric shape. In addition, the transit duration of 9.23 hours is too long for the 4.11 days transit period to be consistent with a planet. Due to the faintness of the star and the bad transit properties the candidate has a low priority in the follow-up chain and was not observed.
LRa01 E2 2185 -MON -0102729260
A G2 V star with V = 15.08 mag (Exo-Dat) shows V-shaped transit signals with a depth of 0.24 % and a period of 1.69 days. The candidate is already known from the CoRoT IRa01 run as IRa01 E1 1319 (Carpano et al. 2009 ). The transit duration of 3.57 hours seems to be quite long for a planetary object. In addition, a secondary eclipse at phase=0.5 and depth differences between even and odd transits were detected. This is most likely a binary system. Follow-up observations for this candidate are not foreseen.
LRa01 E2 2597 -CHR -0102672065
A 8.90 days transit signal is found in the lightcurve of this V = 14.17 mag star. AAOmega spectroscopy shows the candidate to be a G6 III/IV star, in good agreement with the ExoDat classification (G5 III). FLAMES yields T eff = 4991 ± 140 K, log g = 3.24 ± 0.30 dex, [m/H] = −0.29 ± 0.15 dex, and v sin i = 4.8±2.0 km s −1 (Gazzano et al. 2009 ). As described in Section 3, the deep signal (1.00 % when normalized to the blue flux only) is seen only in the CoRoT blue channel (Figure 4) . The event is detected, neither in the green nor in the red lightcurve, with a 12 σ and 25 σ significance, respectively. This indicates that the candidate is with high probability a contaminating eclipsing binary (CEB).
LRa01 E2 2627 -CHR -0102757559
According to low-resolution spectroscopy performed with AAOmega the spectral type of this V = 15.13 mag star is F4 V, whereas Exo-Dat lists this target as a G2 V object. A V-shaped deep signal (0.083 %) is found only in the CoRoT blue channel, with a significant not-detection in the green and red lightcurves (4 σ). This indicates a contaminating eclipsing binary with a period of 0.95 days. Neither photometric nor further spectroscopic follow-up is foreseen.
LRa01 E2 3157 -CHR -0102672700
The object is a low priority 0.24 % deep candidate (P = 1.87 days) due to 1) V-shaped transit curve, 2) differences in the transit depths at a 5 σ significance, and 3) the transit is only seen in the red channel with a ∼3 σ significant no-detection in the blue and green colors, suggesting the presence a nearby contaminating eclipsing binary. Exo-Dat lists the spectral type of this V = 14.86 mag star as G0 IV. No follow-up observations have been carried out for this star as a CEB scenario is suspected.
LRa01 E2 4494 -MON -0102587927
A shallow transit (0.13 %) signal with a period of about 2 days) is found in the CoRoT lightcurve of this faint (V = 16.07 mag) target. Exo-Dat list the spectral type as K3 V. The apparent transit shape is asymmetric and the transit duration (2.81 hours) is quite long for the orbital period. No follow-up observations have been performed on this candidate.
LRa01 E2 4910 -MON -0102780627
This is a candidate around a star of brightness V = 15.36 mag listed as a F8 dwarf in Exo-Dat. It has been also detected in the IRa01 run (IRa01 E1 1531) and listed as a planetary candidate in Carpano et al. (2009) . Observations with AAOmega classify this candidate as a F7/8 dwarf star, in really good agreement with Exo-Dat. The transit is 0.87 % deep and appears every 2.38 days. IAC80 observations confirms the transit signal is on target. Due to secondary faint eclipses at phase 0.5 recently detected in the lightcurve, it is suspected to be a binary. No further follow-up is foreseen.
LRa01 E2 5194 -MON -0102604000
This candidate is suspected to be a binary. The 2.8 hours duration of the 0.68 % deep transit is too long for a transiting planet with an orbit period of 1.25 days around a K2V star (Exo-Dat). No spectroscopic follow-up observations have been made due to the faintness of the star (V = 16.09 mag) and the lack of groundbased confirmation that the transit is on-target.
False alarms
Sometimes, CoRoT lightcurves are affected by instrumental effects (e.g., jumps, glitches) making the transit detection uncertain.
LRa01 E1 2960 -CHR -0102613782
There appears to be a 0.17 % deep transit with a 13.03 days period in this lightcurve of a V = 14.40 mag F8 IV star (Exo-Dat). This signal can only be found in the CoRoT red channel which is affected by instrumental effects (jumps). If real and on target the transit should be visible in the green and blue channel as well. Therefore, it is suspected to be a false alarm.
LRa01 E2 3389 -CHR -0102674894
This shallow transit signal (D = 0.08 %, P = 7.03 days) is found in the lightcurve of a faint (V = 15.65 mag) G0 III star (Exo-Dat), but the lightcurve is disturbed by instrumental effects (jumps). It is suspected to be a false alarm.
LRa01 E2 3612 -MON -0102577194
A 0.34 % deep transit signal with a period of 38.24 days is found in the lightcurve of this faint object (V = 16.01 mag), listed as a G0 IV star in Exo-Dat. The shape of the transit is asymmetric and the data suffer from glitches and jumps. This is likely a false alarm.
X-cases
The following stars are objects that might be planetary candidates if the spectral type of the target was considerable different than listed in Exo-Dat.
LRa01 E2 0928 -MON -0102664130
The target star of this 2.60 % deep transit candidate is according to Exo-Dat a A5 IV star, implying a stellar radius of about 2 R ⊙ (Cox 2000) . If true, the V-shaped signal, occurring every 49.9 days, cannot be caused by a planet. But the true spectral type of a star can differ significantly from the one given in Exo-Dat. Therefore the candidate was not completely discarded as a binary pending the confirmation of the spectral type. Unfortunately, the star is very faint (V = 15.62 mag) making a rapid spectral type classification difficult.
LRa01 E2 5678 -MON -0102613411
Another deep candidate which might be a planetary candidate if the true stellar radius is smaller than listed in Exo-Dat (i.e., R * ≈ 1.1 R ⊙ for a F8 V star). The transit is 4.33 % deep and occurs every 18.76 days. Unfortunately, the star is relatively faint (V = 15.91 mag) making it a difficult target for a rapid spectral type classification. 
LRa01 E1 4785 -CHR -0102709133
This single transit (D = 9.70 % at HJD = 2454419.798) is more prominent in the blue channel and there might be a secondary smaller eclipse at HJD = 2454524.348 with a depth of ∼ 1 %. This candidate is probably a contaminating eclipsing binary with a period of ∼ 209 days. The target star is listed in Exo-Dat as a K2 V star with magnitude V = 15.50 mag.
LRa01 E2 1113 -CHR -0102574444
At epoch HJD = 2454422.342 a 5.40 % deep transit can be found in the lightcurve of this star. The transit signal is deeper in the blue channel. Probably the transiting object does not orbit this F8 IV star of brightness V = 14.14 mag (Exo-Dat). It is a suspected contaminating eclipsing binary. 
Discussion
CoRoT-7b (Léger et al. 2009 ) and the candidate LRa01 E1 0286 proves the capability of CoRoT for discovering Super-Earths around main-sequence stars. Although the latter candidate is maybe not a Super-Earth, the depth of the detected transit is comparable to the signal expected from a bona fide SuperEarth around a solar-like star. Therefore, it is concluded from Figure 13 that CoRoT is capable of detecting Super-Earths with periods in the range of one to four days around stars of apparent magnitude V ≤ 13.3 mag. However, most of the target stars are fainter than this limit (Figure 1) . The CoRoT-7b case was favourable for the terrestrial-size planet detection. Indeed the planet orbits a star of magnitude V = 11.65 mag in less than one day. CoRoT-7 is one of the brightest objects in the LRa01 star field. The follow-up for the candidate LRa01 E1 0286 proved to be much more difficult although the star of magnitude V = 13.30 mag is still quite bright compared to others in the field. Compared to previous CoRoT runs (i.e., IRa01, SRc01, and LRc01) more and weaker candidates have been found in the LRa01 field (Figure 14 and 15) . This is to be expected, since LRa01 covers a longer time period than SRc01 and IRa01 (≈ 25 days for SRc01 and ≈ 90 days for IRa01). The lack of small transit candidates around bright stars in the LRc01 star field is explained by the unfavourable stellar population properties of this particular star field for the search of extrasolar planets: 58 % of all stars were identified as giants. Furthermore, LRc01 contains in total less stars with apparent magnitude V < 13 mag. On the other hand, the LRa01 star field contains at least 62 % main sequence stars. Overall, it contains more bright main sequence stars with apparent magnitude V < 13 mag than previous long runs (Section 2 and Table 3 ). Planets around such stars are easier to detect in the photometric data and easier to observe by ground-based telescopes. From the perspective of the types of false positives and bona fide transiting planets identified in LRa01 with respect to IRa01 and LRc01, we found that the rates of discovered planets, spectroscopically confirmed eclipsing binary systems, CEB, and blends is comparable between the three runs.
The lack of confirmed Neptune-size planets is probably not due to limitations in the CoRoT follow-up or detection chain. Although the follow-up is constrained by the limited observation time as pointed out by Moutou et al. (2009) , CoRoT was able to find at least one Super-Earth and other planet search programs yield similar result. Short-period Neptune-size planets may be very rare objects, as tentatively pointed out 2005 by Mazeh et al. (2005) and as seems to be confirmed by the distribution of Kepler planetary candidates . ′ magnitude for the detected and binaries candidates in the previous IRa01, SRc01, LRc01 CoRoT runs (asterisks), LRa01 run (filled circles), and the first seven CoRoT-planets (open circles) . D is the transit depth, N is the number of data points in a lightcurve, P is the transit period, and δ = 512 seconds is the sampling interval. The horizontal dashed lines represent (from top to bottom) the expected signal produced by a Jupiter-size planet with 3 days orbit period, a Neptune-size planet with 3 days orbit period and a 2 Earth radii planet with 1 day orbit period around a solar-like star, respectively. The solid line represents the photon noise. Such planets may evaporate faster than more massive gas giants because their low surface gravity is not able to maintain the irradiated atmosphere (Southworth et al. 2007 ). Davis & Wheatley (2009) provide further evidence for a lost population of shortperiod Neptune planets. Almenara et al. (2009) , after analysis of three CoRoT fields, further support the conclusion that the lack of confirmed Neptune planets in the CoRoT fields is not due to observational limitations.
Summary
CoRoT observed the LRa01 star field continuously for 130 days and collected 11 408 lightcurves. There are 7 470 chromatic photometric data-sets and 3 938 monochromatic data-sets. The CoRoT detection group performed a full in-depth analysis of the lightcurves. 242 lightcurves (2.1 % of all lightcurves) contain a transit signal. 191 of these (79 % of the candidates or 1.7 % of all stars in the field) were identified as binaries based on photometric analysis only (Table 7) , including five mono-transits (Section 6.7).
Fifty-one signals were classified as planetary candidates and proposed for observational follow-up with different priorities based on the photometric analysis. Thus in about 0.5 % of all CoRoT targets a signal was detected that might originate from a planetary transit. In addition, 3 candidates were discarded as likely false alarms based on photometric analysis (Section 6.5). Five mono-transits were detected with depths compatible with an eclipsing binary (Section 6.7 and Table 7 ). Two candidates were classified as potential planetary candidates or "X-cases" (Section 6.6), if the stellar radius of the target star is significantly smaller than listed in the Exo-Dat database. None of the false candidates and X-cases were followed-up and are included for completeness. See also Table 5 .
Of the fifty-one candidates, thirty-seven (73 % of all candidates) are "good" planetary candidates based on photometric analysis only (Sections 6.1, 6.2, and 6.3). Thirty-two of the "good" candidates have been followed-up and the nature of twenty-two objects has been solved. Four candidates (about 8 % of all candidates) have been confirmed as transiting planets (Table 2) : CoRoT-7b (Léger et al. 2009 ), CoRoT5b (Rauer et al. 2009 ), CoRoT-12b (Gillon et al. 2010) , and the recently confirmed hot-Jupiter LRa01 E2 5277 (CoRoT-21b, Pätzold et al. 2011 ). Another two non-transiting planets were detected by RV measurements only: CoRoT-7c ) and CoRoT-7d . Another candidate, LRa01 E1 0286 may be a planetary object in a binary system but is unconfirmed yet. Eighteen objects (49 % of the good candidates) were identified as non-planetary objects. Six are contaminating eclipsing binaries (CEBs) and two are blends (i.e., LRa01 E1,1123 and LRa01 E2 5184). Six candidates could be resolved spectroscopically as stellar binaries (SB). Four candidates are stellar companions around early-type stars.
According to the lightcurve analysis only, fourteen candidates (27 % of all candidates; Section 6.4) have low priorities because of one or more characteristics hinting at a non-planetary scenario: out of transit variations, depth differences between even and odd transits, depth differences in different color channels, and very shallow secondary eclipse. Four of these were followed-up but the observations are not conclusive.
The follow-up for most of the LRa01 candidates is now concluded. Only LRa01 E1 0286, LRa01 E1 2101, LRa01 E1 4667, and LRa01 E2 3156 are still under investigation. Keck Observatory from telescope time allocated to the National Aeronautics and Space Administration through the agency's scientific partnership with the California Institute of Technology and the University of California. The Observatory was made possible by the generous financial support of the W.M. Keck Foundation. The authors wish to recognize and acknowledge the very significant cultural role and reverence that the summit of Mauna Kea has always had within the indigenous Hawaiian community. We are most fortunate to have the opportunity to conduct observations from this mountain.
The present manuscript is also based on observations performed with a) the IAC80 telescope operated by the Instituto de Astrofísica de Tenerife at the Observatorio del Teide. We thank its observing staff; b) the SOPHIE spectrograph at the Observatoire de Haute-Provence, France, under observing programs PNP.08A.MOUT, PNP.09A.MOUT, and PNP.10A.MOUT; c) the FIES spectrograph at the Nordic Optical Telescope (observing program P42-261), operated on the island of La Palma jointly by Denmark, Finland, Iceland, Norway, and Sweden, in a The following abbreviations are used. CEB: Contaminating eclipsing binaries SB1: binary system with one component spectroscopically resolved SB2: binary system with both components spectroscopically resolved SB3: triple system with components spectroscopically resolved 
